form  Appmtd 

0M§  No.  ono^iu 


AD-A246  457 


1  to  •v«<*4«  >  "ow  atr  raioenM.  mouaing  in*  iim*  (or  friioiwwn  iximiaionv  iMroimf  ••ndno  sn*  lOurc**. 
•Nino  in*  <oil*«ion  o(  in<orni*iion  i*n«  comnwntt  r*a*f«ino  Out  Biiro*n  •itiin*n  or  any  etnor  ttoan  0(  tOi* 
o*n.  to  MMAinoton  HoMouantn  t*rvK*i.  Oirtctorno  for  inrormtiion  Ooorauont  ano  ItOBorta.  I  ]  (1  (•((•rton 
■tt  of  Manaoafxani  ana  tuooai.  aaoonnon  aaOucnon  arofoci  I070441U).  Wa«ninoton.  OC  20M1. 


r  DATE 

'02/12 


4.  HTU  AND  SUBTITU 

Electrochemical  Studies  of  Lewis  Acid-Base  Systems  for 
Use  in  Thermally  Regenerable  Fuel  Cells 


«.  AUTHORS) 

Robert  A.  Osteryoung 


7.  KIVOWMMG  OAGAMIZAnON  NAME(S)  AMO  AOOAESS(ES) 

State  University  of  New  York  at  Buffalo 
Department  of  Chemistry 
Buffalo,  New  York  14214 


).  REPORT  TYPE  AND  OATES  COVERED 

FINAL  REPORT  1989/04/30  -  1991/12/31. 

I  S.  PUNOINC  NUMBERS  X 


N00014-89-K-0056 


PERFORMINQ  ORGANIZATION 
REPORT  NUMRER 


cJ 


S.  SPONSORING /MONITORING  AGENCY  NAME(S)  AND  ADDRESSES) 

ONR/Chemistry  Division 
Office  of  Naval  Research 
Code  1113ES,  800  N.  Quincy  Street 
Arlington,  VA  22217-5000 


11.  SUPPUMENTARV  NOTES 


ua.  oistrirution/availasiuty  statement 


SPONSORING  /  MONITORING 
AGENCY  REPORT  NUMRER 


'-;!.ECTE 
FEB  3  41992 


Unclassified /Unlimited 


IS.  ARSTRACT  (MtumumiOOworOt) 

Electrochemical,  NMR  and  FT-IR  studies  in  an  ambient  temperature  chloroaluminate 
molten  salt,  consisting  of  1-methyl- 3-ethylimidazolium  chloride,  ImCl,  mixed 
with  aluminum  chloride,  are  summarized.  This  work  was  related  to  the 
development  of  a  thermally  regenerative  fuel  cell.  Particular  emphasis  was 
placed  on  studies  of  proton  In  the  molten  salt  system  and  physical  properties 
of  Imldazollum  hydrogen  dlchlorlde,  ImHCl^. 


14.  SURiE 


Molten  salts;  Imldazollum  hydrogen  dlchlorlde 


IS.  NUMRER  OP  PAGES 


1R.  PRKE  CODE 


17.  SECURITY  OASSIPICATI 
OP  REPORT 

Unclassified 


It.  SECURITY  CUSSIPICATiON  1 1».  SECURITY  OASSIPKATION  I ZO.  UNMTATiON  OP  ARSTRAa 
OP  THIS  PAGE  I  OP  ARSTRACT  I 


.  Unclassified 


Unclassified 


Standard  Porm  Z9t  (Rav.  2-t9) 

»’«vriB«a  •»  aMI  M  m-i* 


OFFICE  OF  NAVAL  RESEARCH 


FINAL  REPORT 

for 

Contract  N00014-89-K-0056 
R&T  Code:  s40{)001sra02 

Electrochemical  Studies  of  Lewis  Acid-Base  Systems  for  Use  in 
Thermally  Regenerable  Fuel  Cells 


Robert  A.  Osteryoung 


Department  of  Chemistry 
State  University  of  New  York  at  Buffalo 
Buffalo,  New  York  14214 


December  31, 1991 


This  work  was  supported  by  SDIO/IST  and  managed  by  ONR. 


Reproduction  in  whole,  or  in  part,  is  permitted  for  any  purpose  of  the  United  States  Gov¬ 
ernment 

This  document  has  been  approved  for  public  release  and  sale:  its  distribution  is  unlimited. 


^  2  18  142 


92-04221 

_ _  •!■■■  tAI  IMI 


Objectives 


Our  objective  was  to  study  chemistry  and  electrochemistry  in  and  of  Lewis 
acid-base  and  mixed  Lewis  acid-base-Br^nsted  solvents,  which  are  low  tem¬ 
perature  molten  salt  systems.  This  work  was  carried  out  in  collaboration  with 
a  related,  but  more  application  oriented  effort,  at  Hughes  Aircraft,  El  Segun- 
do,  California.  These  solvent  systems  were  proposed  for  potential  use  in  an 
electrochemical  power  source,  a  thermally  regenerable  fuel  cell  (TRFC). 

Technical  Approach 

We  utilized  an  ambient  temperature  molten  salt  consisting  of  l-methyl-3-ethy- 
limidazolium  chloride  (ImCl)  mixed  with  aluminum  chloride  (AICI3).  This 
solvent  system  is  characterized  as  acid,  basic,  or  neutral,  if  the  mole  ratio  of 
AICI3  to  ImCl  is  greater  than,  less  than,  or  equal  to  unity,  respectively.  Proton 
was  introduced  quantitatively  by  the  addition  of  ImHCl2,  which  is  itself  an 
ambient  temperature  molten  salt.  The  underlying  Lewis  acidity  of  the  solvent 
is  varied  by  changing  the  system  acidity;  this  is  accomplished  by  varying  the 
mole  ratio  of  AICI3  to  ImCl.  Variation  in  the  Lewis  acidity  then  effects  the 
Br^nsted  acidity  of  the  added  proton.  A  variety  of  electrochemical,  infra-red 
and  nuclear  magnetic  resonance  studies  were  carried  out.  Studies  to  obtain 
some  needed  physical  properties  of  the  ImHCl2  itself,  which  was  to  be  em¬ 
ployed  by  Hughes  in  their  efforts  to  make  a  practical  device,  were  carried  out. 

Results 

A  Technical  Report  detailing  the  determination  of  the  viscosity,  conductivity 
and  density  of  the  ImCl(HCl)  j  3  molten  salt  was  issued;  these  properties  were 
measured  from  15  to  45  °C. 

A  number  of  meetings  were  held  with  Hughes  Aircraft  personnel  working  on 
the  project  to  discuss  aspects  of  the  program  during  the  period  of  the  contract, 
and,  as  a  result,  a  patent  application,  joint  between  Hughes  Aircraft  personnel 
and  the  Principal  investigator  of  this  contract,  was  made. 

^H  NMR  was  employed  to  obtain  information  on  the  nature  of  the  proton  in 
these  melts,  and  to  clarify  the  results  of  some  previous  work  which  had  postu¬ 
lated  an  unknown,  but  specific  form  of  "acidic"  proton.  It  was  shown  that,  in 
basic  melts,  the  proton  is  involved  in  an  equilibrium  involving  HQ  and  HCI2', 
and  that  only  HQ  exists  in  the  acidic  melt.  The  constant  for  the  equilibrium 
between  HQ  and  HQ2"  was  determined  by  NMR  and  studied  as  a  function  of 
temperature  to  obtain  enthaljw  and  entropy  data  for  the  reaction.  It  was  also 
found,  by  FT-IR  studies,  that  ^HQ  and  the  "acidic"  form  of  deuteron  were  not 
in  equilibrium  but  instead  were  involved  in  a  kinetic  process  which  consumed 


^HCl  and  produced  the  "acidic"  form.  Time  resolved  FT-IR  spectroscopy 
clearly  demonstrated  that  this  kinetic  process  was  in  fact  hydrogen-deuterium 
exchange  where  deuterium  from  ^HCl  exchanged  with  pfotium  on  the  H-4,5 
position  of  the  imidazolium  ring. 

Voltammetric  studies  of  the  reduction  of  proton  from  the  melts  indicated  that, 
in  basic  melts,  the  HCI2*  species  was  the  electroactive,  diffusing  species. 

In  addition,  neutron  diffraction  studies  on  the  ImHCl2  were  carried  out  at 
Argonne  National  Laboratory  on  a  joint  project  between  Dr.  David  Price,  of 
Argonne,  and  the  Principal  Investigator  of  this  contract;  this  work  was  sup¬ 
ported  by  Argonne  National  Laboratory.  Although  the  experiment  was  suc¬ 
cessfully  carried  out,  the  data,  as  of  this  date,  has  not  been  completely  ana¬ 
lyzed. 

In  work  related  to,  but  not  funded  by  ONR,  the  interaction  of  proton  with 
organic  bases  in  these  molten  salts  was  also  investigated.  These  studies, 
however,  were  related  to  work  carried  out  at  Hughes  Aircraft 
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